ABSTRACT RNA-llnVed DHA fragments of T7-lnfected Escherlchla coli were labeled with [ 32 P]orthophosphate In vivo. The RNA segments of the labeled fragments were Isolated by degrading the DNA portion with the 3'+ 5 1 exonuclease intrinsic to bacterlophage T4 DNA polymerase and fractionated according to net charge by a DEAE-Sepbadex A-25 column chromatography in the presence of 7 M urea. Tri-, tetra-and pentanucleotldes were obtained which have ATP residues at their 5' ends. Most of the pentanucleotides had a single deoxynucleotlde at the 3' end but a minor portion was totally an ollgoribcnucleotlde. In the light of prior results, the former is a cooligomer of an intact tetraribonucleotide primer and a monodeoxynucleotide f"H the latter ia an intact pentarlbonucleotlde primer. Tri-and tetraribonucleotides with ATP at the 5' ends had no deoxynucleotide at the 3' ends, therefore it is not clear if intact triribonucleotide primers are present. The 5'-terminal dinucleotides of the tetra-and pentanucleotides were mostly pppApC and a trace amount of pppApA was present.
POi» was added to the culture. At 19 ™in after Infection, the culture was transferred to 43°C and 2 mln later, poured to an equal volume of an etbanol-phenol mixture. Purification of the short DNA fragments from the collected cells was carried out aa described (5) except for the following. The nitrocellulose fraction was dialysed against 5 mM Tris-HCl (pH 7.5)-l mM EDTA, heated for 2 mln at 90°C and banded in a Cs2SOi* density gradient. Banding was repeated two more times; before each centrlfugation, the pooled DNA fractions were dialysed and heated as above. After the final centrlfugation, the pooled DNA fractions (4 ml) were dialysed against 5 mM Tris-HCl (pH 7.4)-l mM EDTA, concentrated to 1.6 ml, heated for 2 mln at 90°C and passed through a column (1.54 x 29 cm) of Sephadez G-100. The excluded materials from the gel were concentrated to 0.5 ml and dialysed against 10 mM Tris-HCl (pH 8)-0.1 mM EDTA. 
Other materials and methods
Autoradiography was carried out as described (7) for 2 to 5 days. and 7 correspond to those of di-, tri-, tetra-and pentanucleotide with 5'-triphosphate end, respectively. Peaks 3 through 7 were then subjected to the chromatography on a borate gel column as described in the preceding paper (7). As shown in Fig. 3 , most of the radioactivity in peaks 3, 4 and 7 did not attach to the gel, indicating that these molecules have deoxynucleotides at the 3' ends. On the other hand, half of the radioactivity in peaks 5 and 6 were retained to the gel, indicating that these molecules have RNA termini, presumably produced by digestion up to or beyond the RNA-DNA junction by the 3'-t-5' exonuclease associated with T4 DNA polymerase.
Desalting was carried out as described (5). Recovery of nucleotides from PEI-cellulose thin layer plates has been described (12). Preparation of optical density oligoribonucleotide reference has been described (7). Dithrough tetranucleotides with [y-

Detection of 5'-triphosphate termini
Subtractions of peaks 3 to 7 which were not retained or retained to the borate gel (referred to a and b, respectively) were then examined for the presence of a 5'-triphosphate end by PEI-cellulose thin layer chromatography after digestion with nuclease PI. This enzyme degrades DNA and RNA to 5'-mononucleotides (13) and 5'-terminal triphosphates are recovered as nucleoside S'-triphosphates. Spots of radioactivity appeared at the position of ATP in the samples 7a, 7b, 6b and 5b (Fig. 4) . The spots are in fact ATP, since snake venom phosphodiesterase split them into AMP and pyrophosphate (Fig. 5) .
Taking account of the specificity of the 3' to 5' exonuclease of T4 DNA 
Identification of 5' terminal di(and tri-)nucleotide
Nuclease SW degrades polynucleotides longer than tetranucleotide to 5'-phosphoryl terminated di-and trinucleotides (14) . A triphosphate group at the 5'-end of RNA is not attacked by the enzyme (T. Ogawa, unpublished observation). Fractions 7a and 6b were digested by this enzyme and the products were displayed by DEAE-Sephadex A-25 column chromatography in the presence of 7 M urea. Fractions eluting with 5'-triphosphoryl terminated dlnucleotides, and trinucleotides from the 7a digests, were degraded to the constituent mononucleotide with nuclease PI and chromatographed on a PEI-cellulose plate (Fig. 6) Portions of fractions 7a and 6b were treated with nuclease SW and fractionated by a column of DEAE-Sephadex A-25 in the presence of 7 M urea. Peaks of radioactivity of pppApN and, In the case of fraction 7a, pppApNpN were pooled, desalted, treated with nuclease PI and subjected to a PEI-cellulose thin layer chromatography as described in Fig. 4 . 1, dinucleotide from fraction 7a; 2, trinucleotide from fraction 7a; 3, dinucleotide from fraction 6b. However, since the method is not specific to the nascent molecules, contaminating irrelevant RNA-linked DNA molecules would confuse the analyses.
Furthermore, intact primer RNA containing a 5'-triphosphate group cannot be detected by the method, since all the pre-existing terminal phosphates are removed by the bacterial alkaline phosphatase before labeling. To circumvent these problems, in the present study, we isolated RNA-linked nascent DNA fragments labeled with H3 32 P0i, in vivo using the T7-infected E_. coli system.
RNA molecule which has 5'-triphosphate and is covalently linked to the 5' end of DNA, if present, would be an intact primer for DNA synthesis. Presence of intact primer labeled with H 3 32 POi, after infection, eliminate the possibility that they are derived from pre-existing oligoribonucleotldes.
Since the amount of radioactivity incorporated into the primer RNA is very small, It is essential to eliminate the huge radioactive noise derived from irrelevant molecules as completely as possible. For the purification of nascent fragments, two successive centrlfugations in Cs2SOi, and gel filtration on Sephadex G-100 were carried out after the purification procedure which was employed to prepare the nascent fragments for the analyses using polynucleotide kinase and [y- Nucleoside monophosphates produced by an alkaline hydrolysis of the less purified preparation of 3z P-labeled short DNA fragments (Fig. 1) were rich in GWP rather than AMP and CMP. They might have originated from contaminating RNA.
ATP-terminated molecules were detected in four fractions of primer RNA; fraction 7a, 7b, 6b and 5b (Fig. 4) . ATP-terminated molecules in fraction 7a
should have a deoxynucleotide at the 3 1 end since they were not retained by the borate gel column. They have a net charge of -8 judging from the elution position in Fig. 2 . Therefore, they are co-oligoaiers consisting of ATPterminated tetraribo-and monodeoxynucleotide, corresponding to the tetrarlhomonodeoxynucleotides in the pentanucleotide fraction, having a 5'-terminal dinucleotide sequence of pApC in the previous study (7). Thus, the presence of intact tetraribonucleotide primer has been established. ATP-terminated molecules in fraction 7b are pentaribonucleotides since they have a net charge of -8 and have no deoxynucleotide at their 3' end. These molecules are probably intact primers corresponding to the pentaribonucleotide with a single deoxynucleotide at the 3' end which was analysed previously (7), since the latter was the largest primer In the T4 DNA polymerase digest and had an AMP residue at the 5' end. Therefore, the presence of intact pentaribonucleotide primer also seems to be confirmed. The amount of these molecules is several times smaller than the ATF-terminated tetraribonucleotide primer. ATP-terminated tri-and tetraribonucleotides in fraction 5 and 6, respectively had no deoxynucleotide at their 3' termini. These molecules also seem to be derived from the RNA-linked DNA fragments for the reasons discussed above. This was surprising as the bulk of the digestion product of RNA-linked DNA fragment by the 3'+ 5' exonuclease associated with T4 DNA polymerase are generally an RNA-deoxymononucleotide. The proportion of the borate gel-adsorbable molecules did not decrease when the digestion was carried out in a more mild condition under which 75Z of the radioactivity was rendered acid soluble (data not shown). The reason for this is unknown, thus it is not clear whether the ATP-terminated tri-and tetraribonucleotides are intact primers or processed from larger molecules.
Some spots of radioactivity were observed which did not coincide with that of the optical density references in the PEI-cellulose chromatogram of the nuclease PI digest (Fig. 4) . Therefore, extensive analyses of the structure of the primer RNA molecules could not be performed. Moreover, the accurate calculation of nucleotide composition in primer RNA is impossible since the specific radioactivity of each nucleotide may vary. Nucleoside monophosphate produced by the nuclease PI digestion of the borate gel-adsorbable oligonucleotides are rich in AMP and CMP, poor in UMP and deficient in GMP (Fig. 4) . Mononucleotides produced from the borate gel-non-adsorbable oligonucleotides showed similar nucleotide composition but increased in the radioactivity at the position of UMP.
Contribution of deoxynucleotide residues in the digest of the borate gel-nonadsorbable oligonucleotides is also unknown. However, the results are in keeping with the AC rich composition of primer RNA obtained with 5'-terminally labeled preparations.
